The pore water pressure is the essential factor and plays a key role in the unsaturated soil parameters. Experimental works and numerical analysis were conducted to determine the critical condition of the slope stability due to the evolution of shear strength parameters. The effect of infiltration on the pore water pressure was evaluated. The filter paper method was conducted to obtain the matric suction in various degrees of saturation. The mechanical properties of the undisturbed samples were examined through triaxial and permeability test, respectively. WRPLOT View TM was adopted to assess the intensity and duration of the actual rainfall. The applicability of the psycho-empirical method in SOILVISION Database to fit Soil Water Characteristic Curve (SWCC) was studied. GEO-SLOPE was used to assess the evolution of the pore water pressure and its effect on the safety factor of the slope. The evolution of pore water pressure induced the infiltration influenced the shear strength parameters and reduced the safety factor. The reduction 20% of cohesion was obtained and hence, the safety factor decrease to 1.0. The infiltration at the beginning of the wet season is the most critical condition that increases the soil moisture significantly.
INTRODUCTION
In recent years, landslide induced rainfall infiltration has been studied extensively [1] - [16] . The infiltration of water increases the degree of saturation which is corresponding to the reduce the suction of the soil [17] . Infiltration caused water to absorb into the slope, and increase the weight of soil, decrease or loss of suction tension in the unsaturated zone, increase pore water pressure in the soil, internal erosion, and change in the mineral content of the soil mass on the slopes [7] .
Rahardjo et al. [9] developed the slope stability analysis involve the unsaturated condition [9] . Characteristic of soil properties, flux boundary conditions, and field instrumentation is the main issue in this analysis. Field characteristics and laboratory experiments data are significant parameters in the analysis [3] .
In this study, undisturbed samples from the site were used in experimental work.
Physic and mechanical properties of the soil samples were examined in the laboratory. Triaxial and permeability test were conducted to analyze the shear strength parameters and coefficient of permeability on the saturation conditions, respectively.
Filter paper method was utilized to evaluation the evolution of the matric suction in various degree of saturation.
WRPLOT View TM was adopted to assess the intensity and duration of the actual rainfall. The modification Green and Ampt infiltration model were adopted as the one-dimensional rainfall infiltration analysis. The applicability of the psycho-empirical method in SOILVISION Database to fit the soil-water characteristic curve (SWCC) was evaluated. GEOStudio was used to assess the evolution of the pore water pressure and its effect on the safety factor of the slope.
METHODOLOGY

Material
Undisturbed sand-clay samples from the KM 15.9 Kalibawang's main channel of Banjararum, Kalibawang, Kulonprogo, Yogyakarta were collected in February 2013 as the soil specimen in this work. Rainfall data during 1992 until 2012 from Pengelolaan Sumber Daya Air (PSDA) Yogyakarta was obtained as the main parameter in the infiltration analysis. Topography data from Kyi [18] was used in the numerical simulation.
Soil Water Characteristic Curve
The soil-water characteristic curve (SWCC) expresses the relationship between matric suction and/ gravimetric water content, volumetric water content or saturation. The SWCC is a fundamental soil characteristic, which is necessary to determine parameters of many processes in the soil such as infiltration, drainage, solute movement, and water availability for plants. It is also an important tool in the study of the strength and deformation of unsaturated soil. The shape of the SWCC is affected by many factors. Under the same confining pressure, the differences exist in the measured SWCC with different water contents during the compaction of soil mass [19] [20] . The SWCC is significantly affected by the pore structure and particle size of the soil mass [20] , [21] . The SWCC is also one of the main parameters in the model soil water and solute transport [22] , [23] .
In this study, filter paper method based on ASTM D5298-2003 was utilized to measure the evolution of the matric suction in various degree of saturation. The scheme of the filter paper method is depicted in Figure 1 . Two blocks of the soil samples were prepared inside the PVC cylinder as the container. Three layers of filter paper were put between the soil samples. The sample was kept in the vacuum condition for 7 days to approach the equilibrium condition. The initial and final mass of the soil samples and filter paper were measured to know the water content of each case. 
Green-ampt Infiltration Method
The Green-Ampt model [24] was originally derived to predict the infiltration of ponded water into the underlying soil. The basic assumption underpinning the model is the infiltration causes the development of well-defined wetting front (see Figure 3 ). The soil above the wetting front is fully saturated, whilst below the wetting front, it remains at the initial (preinfiltration) water content. Gravity and matric suction effects control the movement of water in the saturated zone and the hydraulic gradient at the wetting front.
Infiltration analysis was accessed by the modified Green-Ampt equation. In this method, the boundary between the soil layers is defined. The wetting front in depth, L will be affected by water after time, t [25] . The scheme of this method is depicted in Figure 3 . The controlling of the soil volume is used as the analysis parameters. The infiltrated water increases the saturation of the soil. Chen and Young [26] adopted this method to examine the infiltration in the slope. Equation (1) and (2) are presented to analyze the infiltration in slope.
Where: F is the cumulative infiltration (cm), f(t) is the infiltration rate (cm/h) in time,  is the matric suction head, ksat is the coefficient of permeability in saturation condition.
In this work, the effective porosity and suction head were estimated from a Green-Ampt parameter which is presented by Rawls et al. [27] in Chow et al. [25] . Table 1 presents the slope and soil parameters for infiltration analysis. 
Slope Stability
Cohesion (c) and internal friction angle () are the main parameters in shear strength analysis [17] . The strength of soil is presented in equation (3)  is the shear strength (kN/m 2 ), c is the cohesion (kN/m 2 ), n is the normal stress (kN/m 2 ), and  is the internal friction angle ( o ).
The pore pressure is reduced by the infiltration of water and decrease the slope stability. Ho and Fredlund [28] in [29] explain that the improving of the shear strength because the presence of the matric suction is defined as:
Where c` is the effective cohesion (kN/m 2 ), (ua-uw) is the matric suction (kN/m 2 ), and  b is the internal friction angle in unsaturated condition ( 0 ). The shear strength of an unsaturated soil can be expressed in term of the independent stress state variable as follow [2] .
where ( -ua)is normal stress in slip surface (kN/m 2 ),  ( b /) is the unsaturated soil parameter.
RESULTS AND DISCUSSION
Laboratory test
The laboratory test results are present in Table 2 . Three types of soil were examined in this work. The saturation condition was obtained in the initial state. The strength parameters and hydraulic conductivity were evaluated through the triaxial test and permeability test, respectively. Filter paper method was conducted in various degree of saturation. Six conditions were obtained in this test. The drying method was used to reduce the water content for each condition. The saturation sample was drying 20 minutes at 60 o several times until the soil sample achieves the dry condition to obtain various saturations. Each condition after drying was used in the filter paper test. 3 samples for each condition is used to check the reproductively. Table 3 presents the matric suction for each type of the soil sample in several conditions of the degree of saturation. Calibration curve in Figure 2 is used to obtain the matric suction. SOILVISION database was performed to fit the soilwater characteristic curve (SWCC) from the matric suction data. The fitting curves are depicted in Figure  4 
Rainfall and Infiltration Analysis
WRPLOT View TM is the best tools to find the characteristic of the wind, which also has two main parameters, velocity, and direction [30] . WRPLOT View TM was adopted to assess the intensity and duration of the actual rainfall. 20 years of hourly rainfall data from rainfall station in Kalibawang were used to obtain the monthly characteristic of the rainfall. Figure 5 show the rainfall intensity and duration as the result of the WRPLOT View TM . In the WRPLOT View TM , the duration dominant is obtained from the resultant vector, and the intensity is taken from the dominant intensity in that duration. Rainfall characteristics were used as the main parameters in the infiltration analysis in additional to the soil and slope parameters. The Green-Ampt infiltration method was conducted to obtain the rate in various soil types. The results of the infiltration analysis are presented in Figure 7 .
Figure 7 Infiltration rate for all soil type
The highest rate of the infiltration achieved on the month 5 th . As the rainfall analysis, the fifth month is the initial condition for the dry season. This result confirmed that the infiltration would achieve the highest rate in the low soil moisture.
Evolution of the Pore Pressure
SEEP/W as the part of GEO-Studio was utilized as the numerical simulation to obtain the evolution of the pore pressure induced the rainfall infiltration. The vertical evolution of pore pressure is showed in Figure  8 .
In initial condition (without infiltration) the pore water pressure increases as the depth further increases as the line. In August (i.e., 8 th ), when the infiltration occurs, the water infiltrates up to the elevation of 126 m. It is confirmed that rainfall for 1 month at the beginning of the wet season influenced the soil condition significantly. When the infiltration water applied for 2 months, water infiltrated up to the elevation of 119 m or achieved the water level. In this case, the soil already achieved the saturated condition. Figure 8 The evolution of the pore water pressure in depth The evolution of pore water pressure is correspondence to the matric suction. Figure 9 Show the evolution of the matric suction as the effect of the infiltration. In the initial condition, the higher matric suction is obtained which is the dry condition. As the infiltration is applied, the matric suction was reduced significantly. Afterward, the matric suction is constant. It is confirmed that the infiltration of water in the dry condition is the most significant to the evolution of the matric suction. 
Effect of Infiltration to Safety Factor
The effects of the decreasing of the matric suction induced the infiltration to the shear strength parameters were evaluated. The effect of the infiltration on the shear strength parameters is depicted in Figure 10 . Cohesion reduced as the matric suction further decreased. The dry condition is the most significant affected by the infiltration of water. As the soil achieved the saturated condition, the cohesion approached the stable condition. In the same term is obtained in unsaturated internal friction angle ( b ). The evolution of ( b ) is inversely proportional as the cohesion. The evolution of shear strength parameters due to infiltration was utilized in SLOPE/W to analyze the slope stability. The evolution of safety factor is presented in Figure 11 .
The evolution of safety factor by the month consider to the infiltration. This result considers to the effect of the infiltration to the matric suction. The reducing of the matric suction significantly reduced the safety factor of the slope. The critical condition is approached when the one-month infiltration is applied. The infiltration at the beginning of the wet season is the most consider as the slope stability mitigation. 
CONCLUSION
The effect of infiltration on the unsaturated soil parameters was evaluated. Laboratory experiments and numerical analysis are conducted to obtain the significant effect of the infiltration. SOILVISION databases are applicable to solve the lack of data issue.
The higher infiltration rate is obtained in the dry condition of the soil. The evolution of the pore water pressure significantly is occurred after 1 month of the infiltration was applied. The significant reducing of the matric suction happens on the initial infiltration.
The evolution of the matric suction influences to the shear strength parameters. As the matric suction increase significantly, the cohesion and internal friction angle further increase. As the result, the safety factor also decreases. The critical condition is approached on the initial infiltration is applied. The infiltration at the beginning of the wet season is the most consider as the slope stability mitigation.
